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Introduction
The wolf Canis lupus Linnaeus, 1758 is the most numerous large carnivore in Poland. For many years it was classified in wildlife management as vermin; only recently has it received increased research interest (see Okarma 1992 for review). Relatively few skulls of wolves have been measured. Sumiński (1975a) measured some wolves' skulls for comparison with those of the domestic dog. Sumiński and Kobryń (1980) tried to determine the sex of wolf skulls using discrimination analysis, and Buchalczyk et al. (1981) described some of the variation in the number of teeth as well the asymmetry of the skull. Buchalczyk (1981) published only the condylobasal length when analysing 16 female and 32 male skulls.
The aim of this study was to describe the basic cranial characters of wolves in Poland, and test for possible differences between the mountain (the Carpathian Mts -CMT) and lowland (the Białowieża Primeval Forest -BPF) wolf populations.
•Present address: Paganiniego 9/34, 20-854 Lublin, Poland x 100 (x m + X{): 2 where:
average value of a character for males, xt-average value of a character for females. Storer's index varies theoretically from -200 to + 200. Minus values indicated that females are larger than males, 0 that there is no differences between sexes, and plus values that males are larger than females. Table 1 .
Results

Condylobasal
Coefficients of variation of cranial characters were generally higher in males than in females. In the CMT only coefficients of characters P 4 L and MiL were higher in females. In the BPF only coefficient of LB was higher in females (Table 1) . Similar group of skull characters varied the most and the least both in the mountain and in lowland populations. The highest coefficients of variation were found in the CMT for characters LB, EctB, C^, EntB (males) and LB, EctB, EntB, C*L (females); while in the BPF for EctB, EntB, MdH, LB (males) and LB, EctB, EntB, MdH (females). The following coefficients were lowest in mountains: P 4 B, CbL, MdL (males) and CbL, MdL, NeL (females); while in lowland: CbL, MdL, NeL (males) and CbL, MB, MdL (females) ( Table 1) .
A 2 x 2 between subjects multivariate analysis of variance was performed on the thirteen dependent variables: CbL, C^, ZyB, EntB, EctB, LB, MB, SH, FaL, NeL, TRL, MdL, and MdH. Four other cranial characters (P 4 B, C X L, P 4 L, MiL) were excluded from analysis since too few data from the lowland population (Table 1) . _ With the use of Wilks' criterion, the combined dependent variables were significantly affected by sex, F(13, 104) = 7.20, p < 0.001; geographical location, F(13, 104) = 4.87, p < 0.001; and by their interaction, F(13, 104) = 2.32, p < 0.01. Generally, wolf skulls were larger in the mountain than in the lowland population (Table 1) , however statistically significant differences (p < 0.05) were found only for C^B, EntB, and TRL (Table 2) . Generally, males were larger than females and differences between them were statistically significant for all but one (LB) cranial characters analyzed (Table 2) . Six cranial characters (CbL, C 1 B, ZyB, EntB, FaL, MdL) showed statistically significant interactions between location and sex: males were larger in the CM than in the BPF, while females were larger in the BPF than in the CM (Table 2 ). Both in the CMT and in the BPF, among the adult wolf skulls measured males were larger than females with respect to all 17 cranial characters. In the CMT differences between sexes were statistically significant for all cranial characters (Table 3 ). In the BPF differences in characters P 4 B, C X L, P 4 L, and MiL were not calculated because sample size was too small. For other cranial characters except LB differences between sexes were statistically significant. The mean Storer's index for all cranial characters was 7.1 in the CMT and 3.9 in the BPF (Table 3) .
Measurements which statistically differentiated males and females were used to compute basic skull indexes to reveal possible differences in relative proportions of skulls between two studied populations. Indexes calculated were nearly identical for males from the CMT and BPF, and for females from these areas (Table 4) .
Discussion
Values of cranial characters of adult wolves measured in this study (Table 1) were similar to those of previous studies conducted in the middleastern Eurasia. For example Gavrin and Donaurov (1954) (Table 1) .
In the most comprehensive study from the USSR (the European part of that country), Sevcenko and Borisovec (1988) compared wolf skulls from three areas: steppe zone, forest zone, and the Carpathian Mountains. The mean condylobasal length of male skulls was largest in the steppe zone (239.1 mm, range 212.0 -259.0 mm), and of female skulls was in the forest zone (226.57 mm, range 206.0 -240.0 mm). In the males, condylobasal length of this sample was less than that of skulls from the CMT, but larger than that from the BPF. In females, it was larger than that of skulls from the CMT, but smaller than that from the BPF.
Wolves from southern Europe, Israel, Arabian Peninsula and Iraq are much smaller than those measured in this study. Valverde and Hidalgo (1974) reported that condylobasal length of wolves from Spain was 202 -224 mm (females) and 200 -243.5 mm (males). In Israel condylobasal length of females was 175.5 - The maximum condylobasal length of the wolf skull found in this study is larger than that previously reported for Poland (257 mm) by Buchalczyk (1984) . It is also one of the largest condylobasal length found in Eurasia (Table 5 ). In North America similarly large skulls can be found in Alaska (Young and Goldman 1944) .
Minimal values of cranial characters measured in this study are higher that values found in previous studies (especially Hell 1972) . Such low values reported by other authors could be a result of higher proportion of skulls from younger adult specimens or/and insufficient rigor in selecting "adult" skulls.
Coefficients of variation of cranial characters measured were generally higher in males than females (Table 1) Sexual dimorphism was much more pronounced among wolves from the CMT: differences between sexes (for all but one measurement -MB) were larger than among wolves from the BPF (Table 3) .
It is interesting that males from the Carpathians were larger that males from the BPF, while females from the mountains were smaller than those from the lowlands: only 4 out of 17 characters measured (C 1 B, TRL, P 4 L, MiL) were larger in the Carpathians than in the Białowieża (Table 1) . We could not find any reasonable explanation of this phenomenon.
Calculated skull indexes were similar for males and for females in both study areas (Table 4) . It showed that, in respect of these indexes, the relative proportions of wolf skulls were similar in the Carpathians and in the Białowieża Forest for both sexes.
